corresponds to the surface state of Co [20] . This difference allows us to detect the local magnetization direction of Co islands by recording maps of the local differential conductance at this bias voltage (see Fig. 1a ). The differential tunneling magnetoresistance (differential TMR), defined as the difference in conductance divided by the smaller conductance of the tunneling junction formed by the tip and sample, is strongly energy-dependent as depicted in Fig. 1c . We note here that the differential TMR for this Co/vacuum/Co junction is only ∼ 5 % at low bias voltage.
To contact single molecules, we positioned the STM-tip above the aromatic side groups of a H 2 Pc molecule, opened the feedback loop and decreased the tip-to-molecule distance (≈ 1Å/s) while measuring the tunneling current. We thus obtain conductance-distance curves [10] [11] [12] . Since the observed conductances of phthalocyanine molecules are rather high [13] , a small voltage (10 mV) has to be used to avoid the thermal disintegration of the molecules. We observe an exponential increase of the conductance that reflects the decreasing tunneling barrier width (see Fig. 2a ). Below a certain tip-to-surface separation -typically 3-4Å -the conductance abruptly increases, which indicates a sudden change of the junction geometry. Similar jumps have been seen, e. g., for alkanedithiol molecular wires [11] . We have recently shown that, for phthalocyanine molecules, this corresponds to a lifting of the flat H 2 Pc molecule's aromatic group as it contacts the tip [13] .
The conductance after the molecular jump-to-contact depends only slightly on the distance and encompasses both the transport across the molecule G mol and direct tunneling between the tip and the sample G tun [11] (see Fig. 2c ). This conductance G in molecular contact mode depends markedly on whether the underlying island is of P or AP type. In the particular measurement of Fig. 2a , we find G P = 0.30 G 0 and G AP = 0.17 G 0 ) measured at 10 mV bias, where
is the quantum of conductance. We may eliminate a sizeable proportion of the spin-dependent direct (tip-to-island) tunneling contribution to the conductance G by subtracting the measured conductance G tun before the jump from that after
To ensure identical tip conditions when quantitatively comparing P and AP conductances, measurements on two Co islands of P and AP type were performed in the same scan. This approach further eliminates magnetostriction of the two ferromagnetic electrodes. Each such measurement was in turn repeated several hundred times and the distribution of the P and AP conductances is depicted in Fig. 2d . The width of the conductance distribution -which underscores the noise of the conductance measurement and a variation in contact geometries -is relatively small when compared to previous work [11] ; the histogram of the measurements on nearly 800 P and AP junctions clearly reveals a difference in conductance between the P and AP junctions. Gaussian fits were used to determine the GMR from the measurement statistics. We find G P = (0.242 ± 0.007) G 0 and G AP = (0.160 ± 0.005) G 0 .
These values result in an optimistic GMR ratio of
Surprisingly, the GMR ratio obtained at V = 10 mV is one order of magnitude larger than the differential TMR found for direct tunneling between the tip and the Co surface.
To understand what causes this large value of GMR, we have performed transport calculations based on density functional theory (DFT) employing the nonequilibrium Green's function (NEGF) formalism and the TURBOMOLE package [21] ; details may be found in the Supplementary Information.
To find the atomic structure of the molecular junction, we first performed a geometry optimization for H 2 Pc on the Co(111) surface, represented by a cluster with 65 atoms. Our analysis suggests that H 2 Pc adsorbs preferentially in the bridge position onto Co(111) (see Fig. 3a ), owing to a binding energy −8.17 eV that is larger than that found in either the hollow site position (−8.06 eV) or the atop site position (−7.45 eV), consistent with earlier findings [22, 23] .
We have calculated spin-polarized transport in the linear response at low bias voltage for the two junction geometries schematized in Fig. 3a ,b) before ("flat") and after ("contact") the jump-to-contact. To establish the latter configuration, a free H 2 Pc molecule has been bent along the low energy vibrational eigenmode with frequency ω = 6.4 meV [13] .
Within the NEGF calculations, the magnetization direction (P or AP relative to the tip) of each Co-cluster is a control parameter. We have ascertained that, in our study, the elec- On a qualitative level, our transport calculations (see Fig. 3c ) reproduce very well our experimental findings (see Fig. 2a ). We confirm the exponentially increasing conductance in the tunneling regime, G tun (d) ∼ e −βd , for which the distance d between the two electrodes is still large. The slope is independent of the relative alignment of electrode magnetizations and the computational value β theo = 1.87Å −1 (i. e. the work function W theo = 3.24 eV) is in agreement with experiment (β = 1.9 ± 0.3Å; W = 3.2 eV).
Once contact between the tip and the molecule has been established, G cont (d) varies much more weakly with the contact distance d just as observed in the experiment. It is, however, still sensitive to the relative orientation of the magnetization of the electrodes. We find that
For a quantitative comparison with experiment, we consider the GMR theo ratio at the distance d for which the ratio r = G tun /G cont matches the value r ≈ 4 found experimentally. We thus find that GMR theo ≈ 65 % and is only weakly dependent on d.
We now discuss the conduction mechanism from the substrate onto the molecule and across the molecular contact established between the tip and the aromatic group, and its impact on the large GMR measured. Pc molecules are characterized by an energetically isolated highest occupied molecular orbital (HOMO) and a nearly doubly degenerate lowest unoccupied molecular orbital (LUMO) [25] . We note that the HOMO * levels corresponding to the aromatic group hybridize only very weakly, with almost no amplitude on the bridging nitrogen (N b ) 4 . By contrast, the LUMO states are located on two out of the four aromatic groups, with a strong hybridization to all N atoms forming the inner macro-cycle (see Supplementary Information). Since the N bond to Co includes states at the Fermi energy E F [13] , transport should occur via the quasi-degenerate LUMO level. We confirm this fact by examining in Fig. 3d ) the transmission probability per spin direction T ↑,↓ (E) at the Fermi energy across a junction of P type. We find that G P near E F is indeed weighted by a peak centered slightly above E F that underscores transmission through the LUMO level. As we discuss in the Supplementary Information, the larger density of Co minority states at E F results, through the N-Co bond, in a larger efficiency of LUMO hybridization, and thus of LUMO broadening, in the spin ↓ channel.
This difference in LUMO broadening for the two spin channels has a direct impact on the GMR measured across the molecular junction. Indeed, the conductance across a single level, here the LUMO, generically takes on the Breit-Wigner form [26] 
Introducing the ratio = Γ maj /Γ min we thus find
This simple formula implies two important rules of thumb for spin-polarized transport offresonance across a molecule. First, the GMR is insensitive to the precise location of the resonance energy. Second, it is mainly indicative of the ratio of minority and majority molecular orbital broadenings due to hybridization. Relative to the small differential TMR ratio found between the Co substrate and tip, the larger GMR ratio measured experimentally can be explained theoretically by the above ratio . The imbalance within the two spin channels of the hybridization-induced level broadening to the molecular orbital responsible for transport promotes a high GMR across the molecule.
In conclusion, we have experimentally demonstrated a GMR of over 50 % in single molecule junctions that is much larger than the value of differential TMR found without the presence of molecules in the junction. Such a high value is caused by a strong hybridization of the molecular LUMO, responsible for transport, with minority states of the two metallic electrodes. Such a selective hybridization thus leads to a spin filtering effect that could be generic to all molecular junctions.
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Methods
The Cu(111) crystal was cleaned thanks to several cycles of Ar + sputtering and annealing.
The molecules were evaporated in situ from a Knutsen cell heated to ≈ 500 K. During the deposition process we keep the sample at 270 K to reduce thermal diffusion of the deposited molecules. dI/dV curves were measured on the bare islands with the lock-in technique.
DFT-based transport calculations were carried out with a homemade code building upon the NEGF formalism and the TURBOMOLE package [21] . Our implementation enables us to perform transport simulations with free boundary conditions, which for the present case The upper(lower) pair of traces corresponds to the "contact"("flat") junction geometry. d) The transmission probability T (E) of an electron with energy E through a molecular junction of P type for the majority (lower three traces) and minority (upper three traces) spin channels.
Geometry optimization
We used the quantum chemistry package TURBOMOLE As an example, details of electronic structure for the molecular junction in the case of parallel alignment of magnetizations are presented in Suppl. Fig. 1c,d . The electronic states at the Co-surface are spin-polarized with exchange splitting ≈ 1.8 eV (Suppl. Fig. 1d ), giving rise to an average magnetic moment ≈ 1.65µ B per a surface Co atom. Inspecting the local density of states (DOS) at H 2 Pc, Suppl. Fig. 1c , we observe the majority spin resonance above the Fermi level (E F ) to be identified with the quasi-degenerate LUMO, which has a significant weight on the nitrogen atoms (cf. Suppl. Fig. 1b) . In contrast, no density is seen on nitrogens for the majority spin HOMO resonance positioned ∼ 1.2 eV below E F that reflects the stucture of the HOMO (Suppl . Fig. 1b) . Furthermore, the minority spin H 2 Pc LUMO level evolves into a broad peak due to a hybridization with the minority spin Co states, which density near E F significantly exceeds the ones for majority spin electrons. The asymmetry in the LUMO level broadenings, Γ min > Γ maj , gives rise to a magnetoresistance effect (see text of the paper for further details).
